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DISTRIBUTION AND ECOLOGICAL CHARACTERISTICS OF LEWISIA
LONGIPETAIA (PIPER) CLAY, A HIGH-ALTITUDE ENDEMIC PLANT
Anne S. Halford 1,2 and Robert S. Nowak1,3
ABSTRAC1:-Lewisia longipetala (Piper) Clay is a hjgh-altihult: endemjc found in the northem Sierra Nevada. 11le
cllaracteristics of 12 sites with L. longipetala. which represent all known populations, were studied to define habitat
requirements of the species. Meso- and microscale chalucteristics of the habitat were examined, including characteristics of the a.~sociated plant community. Average plant size and pLmt density of L longipetala were also detennined for
each population. Similar measurements were made on 6 populations of Lewisia pygmaea (A. Gray) Rohinson, a more
common LewisiD.. Populations of L. longipetala that had larger plants and higher plant density were associated with gently sloped. north-racing sites that were near large, persistent snowban:ks and had low vc~ctatjve cover. Plant species
associated with populations of L longipetal-a were similar among the 12 sites and were indicative of mesic, rocky alpine
sites. These types of plant communities found near persistent snowbanks are often termed snow-bed vegetation. In contrast, 1. pygmaea was found to be less site specific. Lewisia pygmaea was found adjacent to or interspersed with L.
longipetala at 5 sites, but was found in areas associated with a higher percentage ofherbacoous cover and a wider variety of species. This integration of ecological and community information for L longitJ€tala populations contributes to the
interim management and long·tcrm monitOl'ing of this species by providing needed information concerning its habitat
and environmental specificity.

Key words: Lewisia longipetala, Lev.isia pygmaea, site characteristics, snow-bed vegetation, alpille. endemic, plnnt

size, plant density.

The recent implementalion of programs to
preserve rare plant taxa indicates the elevated
concern for effective and long-term stewardship of sensitive species (Sutter 1986). One of
the initial steps toward the protection of rdre
plauts is to document their occurrences (Utter
and Hurst 1990). Mountain ranges are typically rich in endemics (Major 1989), and within
the Sierra evada they comprise a high percentage of the flora (Stebbins and Major 1965).
Factors that characterize the species' hahitat
are inferred from the species' geographic distribution and often suggest environmentally
imposed limitations on the distribution of sensitive plant taxa (Baskin and Baskin 1988,
Hutchings 1991, Nelson and Harper 1991). For
example, som.e limitations that influence endemic plants within alpine environments are
snowbank depth and duration (Komarkova 1975,
Webber ct a!. 1976) and levels of disturbance
to root systems from needle ice (Fitzgerald et aI.
1990). To help ensure the sUlvivai of rare plant
species, habitat and biological information
should he integrated with long-term monitoring programs (Sutter 1986, Baskin and Baskin
1988, Hutchings 1991).

Species within the genus Lewisia (Portulacaceae) are well known in horticulture (Elliot
1966, Mathew 1989). However, little information exists regarding these species in their
native environments. Only 4 species within the
genus Lewisia have relatively wide distributions: Lewisia pygmaea (A. Gray) Robinson, L.
n"vadensis (A. Gray) Robinson, L. triphyUa (S.
Watson) Robinson, and L. redioi1X1 Pursh. The
remaining 15 species have conSiderably smaller
disb'ibutions, and 9 that occur in California are
listed by the U.S. Fish and Wildlife SelVice as
candidates for threatened or endangered status.
Lewisia longipetala (Piper) Clay is a federal
candidate 2 species, which implies that data on
identifiable threats are insufficient to support
federal listing as threatened or endangered
(Skinner and Pavlik 1994). Lewisia umgipetala
is an endemic species with limited distribution
that the California ative Plant Society classifies as a category 1 B species, which is a category for rare, threatened, or endangered plants
within California. Lewisia /ongipetala populations are fairly remote, and most exist in U.S,
Forest Service wilderness areas. Although L.

lDep:u1meul of Euvirolll1\cntal ~nd Jlesourt:e ScienL'CS. Mail Stop 199, L"ni"",niilyufNev!ld;t at ReM, Hena. NV 89557.
zPresent :lddn~u: Bureau orland Mflll..~.. ment, 7&5 N. Moill St Suite Bishop, CA 93514.
3A1athor to whom rr.prill! "'quests should be submiltt:d.
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longipetala populations are not an immediate
management concern. one population (Basin
Peak) is on private land, and mining claims
within close proximity of the site pose a potential threat. Furthermore, the potential also exists
for activation of mining claims within wilderness areas as weD as increased ski area development within the vicinity of the other L. longipetala populations.
The first specimen of L longipetala was collected by J. G. Lemmon in 1875 in the mountains west ofTmckee, California. In 1913, Piper
described L. longipetala as Oreobroma longipetalum, an intermediate between L pygmaea
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and L oppositifolia (S. Watson) Robinson. Later
descriptions (Munz 1959) placed L longipetala
as a subspecies of L pygmaea. More recently,
L longipetala was again recognized as a distinct species (Dempster 1993), a distinction
supported by morphological as well as chromosomal differences between L. longipetala and
L pygmaea (Stebbins 1968, Halford 1992).
Lewisia longipetala (Fig. 1) is an herbaceous
perennial with a basal tuft of green, linear
leaves. An individual plant produces numerous
scapes, 30-60 mm long, each bearing 1-3 pale
pink flowers with petals 11-20 mm long. The
two sepals are distinctly fuchsia in color, 4-10

Fig.!. Line drdwing of Lewisia longipetala (Piper) Clay showing growth habit.
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mm long, and conspicuously glandular-dentate
(Elliot 1966, Mathew 1989). In contrast, inflorescences of L. pygmooa do not have pronounced scapes, and the flowers are smaller
with petals 6-10 mm long. Flower color for L.
pygmooa ranges from pink to white, and sepal
color varies from green to fuchsia. For both
species, seeds are similar in size (1.5 mm long),
numerous (5(}-6() per capsule, and passively
ejected as the capsule dehisces. However, L
longipetala seeds are hlack, whereas those of L.
pygmooa are reddish brown.
The primary goal of this study was to integrate baseline ecological and community information for Lewisia longipetala. This information could then be used to (1) describe suitable
habitat requirements, (2) provide necessary
environmental criteria to search for additional
populations of L. /ongipetala, and (3) establish
guidelines for the interim management and
long-term monitoring of this species. Potential
factors that influence the size of individual plants
and the occurrence and size of populations
include environmental and community attributes such as elevation, slope, aspect, proximity
to snowbanks, parent material, and percent
cover of vegetation, surface rock, surface water,

litter, and bare ground. To help delineate the
habitat requirements of L. longipetala, 6 populations of L. pygmooa, which also occurs in
alpine areas but is a more widespread Lewisw,
were also studied. The 2 objectives of our study
were (1) to determine environmental and community characteristics for L longipetala, and (2)
to determine correlations between the size of
L. longipetala plants and site characteristics,
such as elevation, slope, slope aspect, percent
cover, and proximal location to snowbanks, as
well as between plant density of L. longipetala
populations and these site characteristics.
METHODS

A total of 12 L. kmgipetala populations (Fig.
2), which represent the total number of known
populations of L /ongipetala, were examined.
Nine populations were determined from Cali-·
fornia Department of Fish and Game database
maps; during this study 3 additional populations
were located. Basin Peak populations 1 and 2
are the most northern populations, and the remaining 10 populations extend south through
the Granite Chief and Desolation wilderness
areas of the Sierra evada (Fig. 2). For more

L
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Fig. 2. Distribution of Lewtsia longipetala.; known populations of L.longipetala are indicated by open circles.

detailed measurements of L. longipetala, three
15 X 15-m plots were established at Basin
Peak 1. In plot 1, plants of L. pygmaea were
present but no plants of L. longipetala were
present; plot 2 was adjacent to plot 1 and had
plants of bojJ] L longipetala and L. pygmooa;
plot 3 was approximately 10 m north of plot 2
and also had both Lewisia species.
To help delineate the habitat requirements
of L. umgipetala, a total of 6 L. plJgmooa populations were also sampled. Five of these populations (Basin Peak 1, Basin Peak 2, Granite
Chief, Keith's Dome, and Dick's Lake) were
selected because L. pygmaea plants were near
or interspersed with L. longipetala. The 2
species were interspersed at Basin Peak 1 and
Basin Peak 2, and measurements of L. pygmaea were made in areas that had predaminantly L. pygmnea, At Granite Chief, Keith's
Dome, and Dick's Lake, the distribution of the
2 species did not overlap; for these sites the
population of L. pygmooa that was nearest the
L. longipetala population was sampled. The 6th
population of L. pygmaea was at Piute Pass,
which is an area previously described as having L. longipetala, but where no L. longipetala
plants were documented in this study.
For each population we collected a set of 9
site characteristics that included environmental
characteristics (elevation, slope aspect; slope,
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and distance from nearest uphill suowbank) as
well as more detailed commuuity data (percent
cover of rock, bare ground, litter, surface water,
and vegetation by species). In addition, we also
noted geologic parent material. To obtain the
cover data, three 15-m transects were placed
wi thin each of the populations except Basin
Peak 1. The starting point for all 3 transects
was the geographic center of the population,
and transects radiated out from this starting
point along 3 randomly selected compass directions. At Basin Peak I the three 15-m transects
were uniformly spaced along contours within
each of the three 15 X 15-m plots. Cover values
were obtained using a cover point projector
(Model 2, ESCO and Associates, Inc., Boulder,
CO).
Estimates of plant density were obtained by
direct count of individuals within a 0.5-ha area
until the number of individuals exceeded 500.
The 0.5-ha area was orientated such that it encompassed the topographical extent of each population and was centered on the geographic center of the population, In addition, plant size was
estimated from the clump diameter of an individual plant. Up to 20 L. longipetala individuals
were selected for clump diameter measurements. If the population size was less than 20,
all individuals were measured. If population size
was greater than 20, then 20 indiViduals were
chosen for measurement by randomly selecting
20 numbers between 0.0 and 15.0 (in 0.1 increments). These numbers represented sampling
points along the transect tape: if I or more
plants were within 1 m of the designated sampling point, then the plant nearest the designated sampling point was measured. If no plants
were within 1 m of the sampling point, then
additional sampling points were randomly selected for the 2nd and 3rd transects as necessary,
Regression analyses were used to determine
correlations between plant density and the set
of 9 site characteristics (elevation, slope, slope
aspect, distance from nearest uphill snowbank,
bare ground cover. litter cover, surface rock
covel; surface water cover, and total vegetative
cover) for L. !ongipetala as well as between
clump diameter and the 9 site characteristics.
The 1st regression analysis used multiple regressions to determine the 3 models that had
the highest R2 values for regressions with 1
site characteristic, the 3 models with the highest R2 for regressions with 2 site characteris-
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tics, the 3 models with the highest R2 with 3
site characteristics, and the 3 models with the
highest R2 with 4 site characteristics. Next, a
series of fOlWard stepwise regressions were performed that started with each of these 12 models. Finally, a bac1:ward stepwise regression was
performed that started with all 9 site characteristics, Statistix Version 4,1 (Analytical Software,
Tallahassee, FL) was used for all analyses.
Results were considered siguificant if P < 0.05.
Vegetation Association Analyses
Floristic data were analyzed using multivariate methods that grouped populations
based on the fidelity of species to a particular
population or stand. Three different programs
were used: (1) a 2-way indicator species analysis (lWINSPAN; Hill 1979a), (2) Detrended
Correspondence Analysis (DCA; Hill 1979b),
and (3) nonmetric multidimensional scaling
program (NMDS). lWINSPAN and NMDS
are classification programs that divide the plots
into a series of groups based on percent similarity; NMDS differs from lWINSPAN in that
NMDS recovers gradients of high beta diversity that may alter the ordering of samples
(Minchen 1987). DCA is an ordination program that orders the plots along a series of axes
such that the distance between plots in the
multidimensional space is proportional to the
differences between them. To graphically represent the results of the classification and ordination analyses, populations and species were
plotted in the 2-dimensional space formed by
DCA axes 1 and 2. Hierarchical classifications
that were constructed from lWINSPAN eigen
values were then used to draw the groupings
of populations and species on the DCA plots;
where NMDS groupings differed from TWINSPAN, NMDS grouping were also drawn.
To examine relationships between species
composition and environmental site characteristics for these populations, we used a rotational
correlation analysis to generate correlation coefficients between the DCA axis 1 scores and
the site characteristic (Dargie 1984, Tueller et
al. 1991). Correlation matrices were developed
for the set of 9 site characteristics: elevation,
slope, aspect, snowbank distance, total vegetative cover, surface rock cover, bare ground
cover, surface water cover, and litter cover. For
all correlation analyses, P < 0.05 was the level
of significance used.
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RESULTS

Lewisia longipetala

The majority of L. longipetala populations
were in shallow, north-facing basins (Table 1).
Fewer populations were on steep slopes or had
a southern exposure. Most populations were
between 2700 and 2900 m elevation, but L.
longipetala populations were found up to 3200
III elevation. Populations were not restricted to
only 1 rock type but were found on substrates
derived from basaltic and granitic rocks. Carex
scopulorurn val'. bracteosa and Antennaria media
were the 2 species that co-occurred with most
L. longipetala populations and had the highest
mean cover (Table 2).
The largest populations of L. longipetala were
on low-gradient, north- to northeast-facing sites
(Table 1). Populations with lower densities were
on steep slopes (>30%) with west-, southwest-,
or southeast-facing slopes. Regression analyses
between plant density and 9 site characteristics did not yield 1 "best" model but rather 2
models tbat bad similar adjusted R2 values
(Table 3). For both models, slope was a signiHcant dependent variable, and plant density was
inversely correlated with slope (i.e., as slope
increased, plant density decreased). Surface
water and surface rock cover were significant
dependent variables in 1 model, and plant
density was positively correlated with both of
these dependent variables. In the 2nd model,
total vegetative cover was a significant dependent variable, and L. longipetala density was
inversely correlated with vegetative cover.

L.
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Populations with the largest plants generally
were also those with the highest plant density
(Table 1). Regression analyses between clump
diameter and 9 site characteristics yielded a
single model that all forward and backward
stepwise regressions converged lIpon (Table 3).
Mean plant diameter from each population
was inversely correlated with distance from
the nearest uphill snowbank. The value of the
regression coefficient for surface litter cover
was significantly different from zero at the 6%
probability level rather than the 5% level, and
plant size was inversely correlated with the
amount of surface litter cover.
Classification and ordination of the floristic
data corroborated these results (Fig. 3). Four
site characteristics were found to be significantly
correlated with DCA axis 1 scores (Table 4),
and these site characteristics are shown in Fig.
3A as vectors that indicate tlle directional
increase of slope, surface rock cover, bare
ground cover, and total vegetative cover.
TWINSPAN classified the 12 populations into
3 groups (Fig. 3A), and the species groupings
associated with the TWINSPAN population
groupings are shown in Fig. 3B. The Basin
Peak populations had higher vegetative cover,
whereas the other populations had higher rock
cover (Fig. 3A). These populations that are
associated with increasing rock cover contain
species such as Antennaria media, Cassiope
mertensiana, and Kalmia polifolia var. micropylla that are indicative of such environments
(Fig..3B). L. longipetala populations at Granite
Chief, Top Lake, MI. Price 2, Mt. Price 3, and

TABLE 1. Descriptive site attributes for 12 Lewisia longipetala populations, ordered from north to south. Mean + stand.'l.rd error of plant diameter from 20 randomly selected plants, as well as plant density, is given for each population.
Elevation

Population

Parent
material

(m)

Basin Peak 1
Basin Pcak2
Pole Creok I
Pole Creek 2
Granite Chief
Dick's Lake
Top Lake
Mt. Price 3
Mt. Price]
Keith's Dome
Mt. Price 2
Pyramid Peak

Basalt
Basalt
Basalt
Basalt
Granite
Granite
Gr,mite
Granite
Granite
Granite
Granite
Granite

2800
2840
2733
2733

2800
3033
2866
3133
3200
2800
2966
2787

Slope

Plant diameter

Asped

(%)

(em)

NNE
NNE
NNE
NNE
N
NNE

2-8
2-8
2-6
2-6

9.7 + 0.3
3.9 + 0.1

185

t3.0 + 0.9

>500
>500
135

w

WSW
SSE

>30

2-10
>30
>30
2-8

NNE

2-8

SSW
WMV

>,'30

>30

8.2 + 0.4
6.5 + 0.1
8.6 + 0.4
4.2 ±0.2

6.3 ± 0.4
3.4 ± 0.2
10.8 + 0.4
8.3 ± 0.,3
4.1 +0.2

Plant density
(# per 0,5 ha)

10

>500
t2
35
40
>500
30
25
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TABLE 2. Mean percent cover ror species found within Lewisia longipetala populations and the number of L
longipmaIa populations that contained that species. Species are listed from highest to lowest cover. Hickman (1993) was
used as the authority for all species. Letter codes used in figures 3 and 4 aTe given in brackets for each species.
Species

Carttt scopulorum Holm. val: bracteosa (L. Bailey) F. Herm.
Ant€nnaria media E. Creene
IUflcus mertensianus Bong.
Erigeron peregrinus (Pursh) E, Greene
Lupinus breweri A. Gray
Lewisla pygmaea (A. Gray) Robinson
Lewisia longipetala (Piper) Clay
Arnica moUis Hook
Mimulu8 guttatm DC.
Salix artica Pallus
Aster alpigenus (Torrey & A. Gray) A. Gray ssp. atldersonnii (A. Gray) M. Peck
Co.[yptridium umbellatum (Torrey) E. Greene
Phkum alpinum L.
]uncus dnmunondii E. Meyer
Sibbaldio procumhens L.
Dodecoih€on alpinum (A. Gray) E. Greene
Cas"ape merlenskma (Bong.) Don
Kalmia po/ifo/w Wangenh. ssp. mWrophyiLJ (Hook.) Calde, & Roy Thylo,
Lycopodium sp.
Mimtdus primuloides Benth.
Poa wheelen Vasey
Polygonum bistortoides Pursh
Eriogonum incanum (Torrey & A. Gray)
Penstemon rydbergii Nelson ssp. oreocharis (E. Greene) N. Holmgren
Phyllodoce breweri (A. Cray) Ma'im.
Anemone drummondii S. Watson
Poa secunda ].S. PresJ ssp. secunda
Sedum roseum (L.) Scap. ssp. integrifolium (Raf.) Hulten

Pyrnmid Peak were situated in cracks on steep
granitic slabs, and one of the most common
species found associated with these sites was
rock sedum (Sedum roseum ssp. integrifolillm).
MDS results differed slightly from the
TWINSPAN classification by the separation of
the Top Lake population from all other populations and by a change in association of the
Basin Peak 2 population from the group of 3

Species
code

Mean

#01

cover

pop.

[Cascb)
[Anme]
Dume]
[Erpe]
[LubrJ
[LepyJ
[Lelo]
[Armo]
[Migu]
[Saar]
[Asala]
[Caurn]
[PhaI)
Dudr]
[Sip,1

6.2
5.1
4.2
2.9
2.6
1.9
1.7
1.4
1.2
1.2
1.0
0.9
0.9
0.8
0.8
0.7
0.7
0.5
0.5
0.5
0.3
0.3
0.2
0.2
0.2
0.1
0.1
0.1

9
9
4
2
1
5
12
1
3
3
5
4
2
3
4
2
2
2
5
3
1
2
1
1

[DoaIJ
[earne]
[Kapom]
[Lyc,p]
[Mip,j
[Powh]
[Pobi]
[Ednl
[Pe",o]
[Phb,]
[AndrJ
[Po,e,]
[SemiJ

2

1
1
1

Basin Peak 1 plots to the group of 7 plots to the
right of Basin Peak 2. In the 2-dimensional
space defined by DCA axes 1 and 2, Basin
Peak 2 appears to be transitional in its flOristic
compositioo between the Basio Peak 1 plots
and this group of 7 populations. Species that
contributed to these different classifications of
the Basin Peak populations were Phleum alpinurn and Lupinus brewer;: P. alpinum was within

TABLE 3. Multiple regression results between each of 2 dependent variables (plant density and plant diameter) and the
set of9 site characteristics for 12 Lewisia longipetala populations.
Regression statistics

Variable statistics

Dependent variable

N

adj. R2

P

Plant density

12

0.81

<0.01

Plant diameter

12

0.81

<0.01

12

0.53

0.01

Coefficient

P

Slope
Surlace water cover
Surface rock cover

-18.5
11.2
6.9

<0.01
<0.01

Slope
Total vegetative cover

-16.6
-6.5

<0.01
<0,01

Model variables

Snowbank distance
Surface litter cover

-!l.O7
-0.24

O.Q\

<0.01
0.06
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Fig. 3. A, Population ordinations generated by DCA for L. longipetala; 13, species groupings associated with the populations. For bulb graphs, circled groups were determined from 'tWINS PAN dendrograms; broken lines indicate NMOS
groupings. LeUer codes for each species are given in Table 2.
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T.... uLE 4. Correlation coefficients generated from a rotational con~lation program Cor all Lewisia longipetala and
Lewisia pygmueu DCA axis 1 scores. Variables with an *
are significant at the 0.05 level.
Species

Variables

Correlation coefficients

Lewi.ri<llong;petula
Elevation

0.24

·Slope
Aspect
Snowbank distance
*Bare ground cover
Litter cover

• Su,.face rock cover
SUrfdCe water cover
"Total vegetative cover
Lewisia 'PtJbrmae(1
Elev<l.tion
Slope

-0.58
-0.49
0.41
0.66
0.36
0.71

0.11
0.67

-0.53
0.17

-0.14

A~;pect

Snowbank distance

*Bare p-ound (;Over

0.38
0.92
0.92

*LlUer cover
Surface rock cover

0.34

Surf.ice water cover
*Tobtl vegetative cover

0.26
0.78

the sampled transects of both Basin Peak 1 and
2 populations but not within any of the other
populations; on the other hand, L. breweri was
only within the Basin Peak 1 populations. In
general, it should be noted that classification
inferences based solely on location within the
2-dimensional space defined by any 2 DCA
axes can be misleading: for example, Mt. Price
1 and Mt. Price 2 are close together in the 2dimensional space defined by DCA axes 1 and
2, but they do not classifY into the same group
in either TWINSPAN or NMDS because they
are on different planes in the 3-dimensional
space defmed by the addition of a 3rd axis.

Letvisia pygmaea
Lewisia pygmaea grew in areas where total
vegetative cover was greater than that where
L longipet.ala was found. The strongest evidence for this difference in site characteristics
was from the 5 sites where L longipetala and
L pygmaea coexisted in proximity to each other:
Basin Peak 1, Basin Peak 2, Granite Chie(
Dick's Lake, and Keith's Dome. Total vegetative cover for areas with L pygmaea averaged
60.4 (s.: 5.9), which was 55% greater than the
mean cover of 39.0 (sx: 12.3) for areas with L
longipetala; this difference was significant at P
< 0.10 (paired t test, 4 dJ., P = 0.067). This

large difference in vegetative cover persisted
even when all populations were considered:
for all the known L. longipetda populations,
mean vegetative cover was 31.8 (s.: 5.8); for
the 6 L. pygmaea populations used in this
study, mean vegetative cover was 53.7 (sx: 8.3).
Although this difference was significant (2sample t test, 16 dJ, P = 0.046), note that our
original selection of L. pygmaea populations
was not designed to be a random sample of all
L pygmaea populations and thus extrapolation
to all L. pygmaea populations is not statistically
justified.
TWINSPAN results for L pygmaea populations grouped the Basin Peak populations separately from other populations (Fig. 4A), but
the environmental site attributes that were signillcantly correlated with DCA axis 1 scores
differed between L. pygmaea and L. long;..
petala (Table 4). Lilter cover was a signillcant
site attribute for L. pygmaea, but slope and
surface rock cover were not. The vegetative
cover vector increased toward the Basin Peak
population, which suggested that these populations contained a greater herbaceous component. The species indicative of such areas
include E,igeron peregrinus, Salix artica, and
Arnica mollis (Fig. 4B). The bare ground vector
also increased toward the Basin Peak stands.
Although the concomitant increases in bare
ground and vegetative cover may seem contradictory, surface rock cover tended to decrease
toward Basin Peak. Tbus, surface rock was
replaced by vegetation and bare ground (i.e.,
inorganic soil) along these vectors. High IiUer
cover was commonly associated with the Granite Chief and Keith's Dome populations.
Piute Pass is an area historically tbought to
contain L. longipetala. However, only L pygmaea individuals were verified at this site. The
area is south of Yosemite National Park, California, which makes it the southernmost site
sun'eyed for L. longipetala. Environmental
attributes of Pi ute Pass are similar to those of
other L. longipetala and L. pygmaea populations, except for some differences in species
composition. namely the relative preponderance of Dodecatheon jeffreyi.
DISCUSSION

Site characteristics that were most highly
associated with the occurrence of L. longipetala and also correlated with plant size and
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density were proximity of snowban1:s. steepness of slope, slope aspect, and cover of vegetation, surface rock, and surface water. These
inferences are supported by inspections of the
site characteristics and by statistical analyses.
The L. longipetala populations with higher
density were found on gently sloping sites with
a northern exposure that were close to snowbanks and had low vegetative cover of all
species. For example, Pole Creek 1 and 2, Keith's
Dome, and Dick's Lake have populations that
exceeded 500 individuals, whereas Basin Peak,
which overall had the most herbaceous cover
of any of the other pcpulations, had much
lower plant density. Plant density of L. longipetala populations increased with increased
cover of surface water and rock, but decreased
with total vegetative cover and slope steepness. Plant size, as measured by clump diametel~ increased with decreased distance from
snowbanks and decreased litter cover. Furthermore, at Basin Peak 1 as well as other sites of
L. longipetala populations, plants that were
more distant (rom snuwbanks or that were on
south-facing slopes were more water stressed
(Halford 1992).
Site characteristics that are associated with
morc vigorous L. longipetala populations are
indicative of areas that receive high snowpack
accumulations. In alpine environments plant
communities whose occurrences are influenced by geomorphological characteristics that
favor high snowpack accumulations are often
termed snow-bed vegetation (Billings and Bliss
1959, Kuramoto and Bliss 1970, Canaday and
Fonda 1974, Tomaselli 1991). Some species in
the Sierra Nevada that Major and Taylor (1977)
commonly found associated with areas of high
snowpack accumulations and that often occur
in mesic depressions with low vegetative cover
are PhyUodoce breu;eri, Cassiope m""/ensialla,
Kalmia polifuli" var. microphylla, Phleum
alpinum, Mimulus primuloides, and M. gu.ttatU8. Additional species that occur in mesic to
even hydric habitats include Antennaria media,

SibbaMia procumhells, Dodecatlwon alpinum,
and Sedum "useum (Major and Taylor 1977).
These species were also associated with L. longipetala populations. Conversely, species that are
more frequently associated with xeric sites,
such a<; Lupinus breweri and ]uncus drummondii (Chabot and Billings 1971, Nachlinger
19&5), were less frequently associated with L.
longipetala populations.
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The restriction of some species to sites with
low vegetative cover may be related to reduced
interspecific competition (Ostler et al. 1982).
For example, competition partially accounts for
the reduced growth of Talinum calcaricum, a
highly restricted rock outcrop species of the
Portulacaceae family, in herbaceous sites dominated by Poa pmt""sis (Ware 1991). Viable
populations of the endangered Furbish's lousewort (Pedicularis j'l1'bishi"e) occur on mesic,
rocky sites that experience intermediate disturbances from hydrological processes, whicb
remove potential competitors (Menges 19\)0).
Potentilla robbinsiana, an endemic from New
Hampshire's White Mountains, also requires
rocky mesic sites that are moderately disturbed, in this case by frost heaving tllat limits
othcr species (Fitzgerald et al. 1990). The lower
densities and smaller L. lo"gipetala plants in
areas with high vegetative cover and high soil
organic matter (Halford 1992) suggest that
interspecific competition may also restrict this
species, but specific studies need to be conducted to explicitly test this mechanism.
The environmental site characteristics of L.
pygmaea are broader than those of L. longipetala. Populations of L. pygmaea have been
documented in dense herbaceous meadows,
cracks in steep rocks, and open gravely depressions (Elliot 1966, Major and Taylor 1977). in
our study, plants of L. pygmaea were found
adjaL-ent to 3 and interspersed with 2 of the 12
L. longipetalil populations, wbich suggests that
L. pygmaea and L. longipeudll can grow in similar environments. Howevel~ an important difference between the 2 species is that L. pygmaca was found in areas with more herbaceous
cover, The less pronounced site specificity exhibited by L. pygrlUJea parallels other Widely
disbibuted, mesic alpine species, whereas the
relative restriction of L longipetala to more
open sites is similar to other restricted plant
taxa (Fitzgerald et aI. 1990, Menges 1990).
The pctential threats to L. longipetalil are
not imminent at this time but inclnde both stochastic and anthropogenic processes. Climatic
events such as periodic droughts that reduce
snowpack accumulations as well as potential increases in interspecific competition may significantly reduce the viability of L. longipet"la pcpulations, especially those that already have low
densities of individuals. Human activities may
also have significant impacts. For example, if
slopes above populations are altered by mining
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activity or ski area development, the displacement of substrate could alter the topography
and hence hydrology of the site through changes
in snow accumulation and melt water runoff.
To enhance the long-term viability of this
endemic species, primary management goals
should include (1) monitoring of L. longipeuJa
populations to gauge how changes in site
hydrology may influence fluctuations in plant
density and (2) acquisition by land conservation
groups of sites that may be impacted due to
mining or ski area development.
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